Background. Physical activity has the potential to positively impact upon aerobic and functional ability, and the quality of life of all chronic kidney disease (CKD) patients independent of the stage of the disease process. Physical activity is recommended in a number of national CKD guidelines, but its incorporation into routine care has been slow. The translation of research-led physical activity programmes into an established procedure appears to be a particular obstacle. This study included 263 patients, consecutively referred over a 4-year period, to a pragmatic 12-week renal rehabilitation (RR) programme delivered within a National Health Service (NHS). Methods. One hundred and thirty-one patients were assessed and started the RR programme. Anxiety and depression were measured using the hospital anxiety and depression (HAD) scale. The self-reported level of fitness was measured with the Duke's activity status index (DASI), and exercise capacity was assessed with the incremental shuttle walk test (ISWT), sit-to-stand transfers in 60 s (STS60), timed up and go (TUAG) and stairclimb descent (SCD) tests. All measures were assessed at baseline and at 12 weeks. Attendance and completion of the RR programme were recorded for all patients.
Introduction
Chronic kidney disease (CKD) is a long-term condition, which is associated, in many patients, with physical symptoms such as fatigue, muscle weakness and reduced ability to perform activities of daily living. Various types of physical activity have been shown to improve exercise tolerance and optimize physical function in patients with CKD [1, 2] . There have been reported improvements in their independence and ability to perform daily life activities [3] ; flexibility, balance and muscle strength [4] ; patients' mood, reducing anxiety and depression [5] ; cardiovascular risk [6] , efficacy of dialysis [7] ; the need for antihypertensive medication [8] and weight loss and weight maintenance [9, 10] . These observations have been derived from specifically designed research evaluation studies that have been predominantly conducted on patients who have reached the maintenance dialysis stage (CKD stage 5). Thus far, there have been no reports in the published literature which have evaluated pragmatic, National Health Service (NHS)-delivered, exercise rehabilitation programmes for patients across the entire CKD trajectory. The existing research studies segregate, and exercise, patients with CKD according to the stage of disease, which of course decreases the variability for research purposes, but is somewhat unrealistic if one is aspiring to deliver an exercise programme for all patients with CKD within the financial constraints of a NHS. Consequently, there is likely to be an increased need for exercise rehabilitation programmes that are shown not only to be effective, but can also be realistically implemented at a national level.
Whereas other long-term conditions, such as chronic obstructive pulmonary disease and cardiac disease, offer outpatient exercise-based rehabilitation programmes for their patient groups, this approach has not been used extensively for patients with CKD. Pulmonary and Cardiac Rehabilitation programmes are well established in the UK, and aim not only to improve the general physical ability of patients, but also to gain a better performance from the affected organs, such as the lungs and heart. The renal rehabilitation (RR) programme model described here primarily aimed at improving the physical fitness and well-being of participating patients, but it remains to be established whether such improvements might be associated with the prevention and/or amelioration of the cardiovascular co-morbidities associated with CKD.
The aims of the present study were (i) to ascertain if, and to what extent, the exercise capacity and functional ability could be improved in patients who completed a pragmatically constructed 12-week RR programme, and in light of the heterogeneous nature of the disease status of the patients participating in the programme, and (ii) to conduct an additional analysis that documented and explored potential participant characteristics that might be associated with adherence to, and/or dropout from, the programme. The overall objective was to explore whether a pragmatic, supervised outpatient, exercise programme could be feasibly implemented as an effective approach to improving aspects of activities of daily living-related functional capacity in a group of patients spanning the entire CKD trajectory.
Methods

Study design
We implemented an exploratory, uncontrolled cohort study over a period of 12 weeks. We aimed to evaluate the effectiveness, practicality and feasibility of a pragmatic exercise programme, appropriate for delivery in a UK NHS trust, for all patients with CKD. The study was approved by the King's College Hospital Research Ethics Committee.
Patients
Adult CKD patients (over the age of 18) at various stages of CKD, predialysis (PD) (CKD stages 3-4), receiving maintenance haemodialysis (HD) (CKD stage 5) and post-transplants (TX) (CKD stage 5), under the care of the renal unit at King's College Hospital, were considered eligible for the RR programme. Patients were actively referred to the programme by a member of the renal team. New kidney transplant recipients were eligible for the programme after a 6-week recovery period and clearance from the medical team. The existing kidney transplant recipients under the care of the renal unit were also eligible for the programme. The exclusion criteria included unstable angina, acute left ventricular failure, a serious cardiac event in the preceding 6 weeks, uncontrolled cardiac arrhythmias and uncontrolled hypertension. Demographic data including age, sex and stage of kidney disease were collected.
Renal rehabilitation programme structure
Recent UK developments in the therapeutic management of patients with CKD within the NHS have resulted in the development and pilot implementation of a RR programme. In collaboration with the Modernization Initiative in Kidney Disease, a local NHS Trust improvement initiative, a pragmatic, routine, service-delivered RR programme [11] was piloted and established within the UK NHS Foundation Trust.
The programme, modelled on conventional cardio-pulmonary rehabilitation [12] [13] [14] , aims to deliver an individualized rehabilitation programme incorporating combined exercise training and self-management education. It is a comprehensive intervention designed to improve activities of daily living-related functional capacity, reduce symptoms of fatigue and increase motivation, confidence, functional status and health-related quality of life in patients with CKD. A team consisting of a lead renal physiotherapist (band 8A), a specialist physiotherapist (band 6/7) and a technical instructor (band 4) delivered the exercise, education and selfmanagement advice for the programme. The patients were required to attend twice-weekly supervised outpatient exercise and the education sessions, and to perform once-weekly home-based exercise for a period of 12 weeks. Data were collected at the first visit (baseline) and at 12 weeks. An indicative outline of the supervised and home-based exercise prescriptions, and the educational component of the programme is presented in Table 1 .
The exercise prescription was modified to suit patients with differing functional abilities and needs, by introducing new pieces of equipment or varying the number of sets/time. Exercise intensity was progressed if patients consistently reported a rating of perceived exertion (RPE) one unit or more below the desired level for three consecutive sessions. Resistance training prescription started from 1 set ×8-10 repetitions and progressively increased to 3 sets ×8-10 repetitions. When patients achieved this level, the resistance was increased. Home-based exercise was performed once-weekly with a generic exercise programme, which included the same components as the supervised programme. We addressed barriers to lifestyle change through the use of cognitive behavioural therapy mechanisms such as goal-setting and problem-solving exercises, as well as a continuous exercise diary for each supervised and home-based exercise session. Patients were encouraged to record the duration, number of sets and RPE level for each exercise. The home-based exercise diaries were examined each week. The exercise programme was adjusted as required, and any problems (such as muscle aching/pain) were addressed by adding in specific stretching exercises; encouragement for continued participation was also given. Following the 12-week intervention, patients were referred on to local gym programmes, walking groups or were advised to continue the exercises described in the homebased exercise diary.
The joint American College of Chest Physicians (ACCP) and American Association of Cardiovascular and Pulmonary Rehabilitation (AACVPR) evidence-based clinical practice guidelines for pulmonary rehabilitation [12, 13] recommend that education be an integral part of pulmonary rehabilitation. The goal of patient education within this RR programme was to improve clinical outcomes by teaching selfmanagement skills, thus increasing self-efficacy and adherence. Patients were also offered refreshments during the education component, and the opportunity to remain and talk to each other after the education element of the programme. The benefit of peer support and the opportunity to exercise with similar individuals were consistently highlighted as beneficial to patients throughout the study period.
Outcomes and assessments
Due to the heterogeneous nature of the patient group, a general functional capacity/status outcome measure was chosen to assess goals. This primary outcome was the self-reported Duke's activity status index (DASI), a weighted, 12-item closed-response questionnaire measuring the functional ability, which spans the spectrum of ability to complete activities of daily living to sporting activities [12, 13] . The secondary objective outcomes included four measures of functional capacity, including the incremental shuttle walk (ISWT), the timed up and go 3 m (TUAG), the sit-to-stand in 60 s (STS60) and the stair-climb descent (SCD) tests. The ISWT is a test developed to simulate a cardiopulmonary exercise test using a field walking test. The test participant walks 10 m between two cones in time to a set of auditory beeps, on a CD, which increase in frequency [14] . The TUAG is a composite test of agility which measures the time taken for the test participant to stand from a seated position, walk around a cone set at a 3 m distance and return to a seated position [15] . The STS60 is a measure of the number of sit-to-stand transfers achieved in 60 s and a good proxy for muscular endurance conditioning [16] . The SCD records the time taken for the test participant to climb and descend 18 steps. The Borg's RPE, a scale ranging from 6 to 20 [17] , was used to monitor the perceived level of effort for each physical test. The emotional/psychological attributes were assessed with the hospital anxiety and depression (HAD) score, a questionnaire with a total of 14 questions--seven relating to anxiety and seven to depression [18] . The body mass index (BMI) was also assessed according to the formula weight (kg)/height (m 2 ). All outcome assessments, including questionnaires, were recorded at baseline, and again at 12 weeks. All patients were assessed prior to the first class, and 12-week assessments were performed prior to the last class in that week. Attendance at each of the RR programme sessions were recorded for each patient. Patients were classified as completers if they attended 12 or more of the 24 supervised sessions that constitute a full RR programme, and had baseline and 12-week data.
Statistical analysis
Standard descriptive statistics, consisting of mean (SD), were used to characterize the groups of patients. Mean baseline age, weight, BMI, HAD and functional capacity test scores were calculated for the entire study population and also by treatment sub-group (PD, HD, TX). Independent t-tests were performed for the sub-groups classified as completers or non-completers ( pooled overall and by treatment sub-group). To evaluate the overall effect of the RR programme at 12 weeks, Student's paired t-tests (or appropriate non-parametric equivalents) were used to examine differences in weight, exercise capacity and functional ability scores for participants who completed >12 sessions in the RR programme (completers). One-way analysis of variance was employed at baseline to explore for differences between treatment sub-groups. Figure 1 describes the flow of patients throughout the RR programme. Table 2 summarizes the baseline characteristics of the patients referred to the RR programme. Bonferroni-adjusted post-hoc contrasts showed that the groups were similar with respect to baseline exercise and psychological outcomes, but the TX group differed from both the PD and HD groups, P < 0.001 for each, with the TX group having patients of a younger age. The TX group differed from the PD group, with the TX group being smaller in height (P = 0.046). The PD group differed from both the TX and HD groups, P < 0.001 in each case, with the PD group being heavier and having higher BMI scores. The TX group was significantly different (P = 0.002) from the HD group, having lower BMI scores.
Results
The pre-post intervention results are presented in Table 3 . Significant differences were found overall between pre and post for all assessments showing improved outcomes at post time point with TUAG, SCD, HAD-A and HAD-D scores decreasing and ISWT, STS60 and DASI increasing. Within the PD sub-group similar changes were observed except for HAD-A, which did not decrease significantly. Within the HD modality similar changes were observed as for overall. Within the TX modality a similar pattern of change was observed with the exceptions of STS60, HAD-A and HAD-D not achieving statistical significance. Table 3 displays the significant percentage improvement in exercise, functional and psychological outcome measures, ISWT (44%), TUAG (25%), STS60 (21%), SCD (28%), DASI (35%), HAD-A (16%) and HAD-D (28%) post-intervention. Table 4 presents a baseline comparison of the exercise, functional and psychological outcomes for completer and non-completer sub-groups referred to, and assessed, in the RR programme. Overall, there was a difference at baseline between the completers and non-completers on the DASI score, with the non-completers having lower/poorer ; t = 2.308, P = 0.032].
Discussion
Analysis of participant characteristics at baseline entry into the RR programme (Table 2 ) revealed a subgroup of transplanted patients who were significantly younger than the PD group, and significantly lighter than both the PD and HD groups. This finding is understandable when one takes into account the stringent criteria that patients must meet to be considered for kidney transplantation. However, it was noteworthy that no other significant differences were observed between these clinically diverse treatment sub-groups (PD, HD and TX) of CKD patients in terms of either objectively determined or self-reported functional capacity/status. To some extent this is somewhat counterintuitive as one might plausibly speculate that PD patients, having not yet progressed to the levels of pathophysiological derangement precipitated by and associated with the need for maintenance dialysis, should perhaps exhibit higher levels of activity of daily livingrelated functional capacity in comparison with CKD 5 patients [19] . Similarly, one might expect that transplanted patients, with the associated reversal of uraemic symptoms, would also possibly be characterized by an improved capacity for activities of daily living in comparison with their CKD 5 maintenance dialysis counterparts [20] . Our observations of a generalized standard of physical function (dysfunction) amongst the three treatment sub-groups regardless of their location in the disease trajectory would appear to underscore the potential need for exercise rehabilitation in optimizing the management of all CKD patients.
This study demonstrated that statistically significant improvements in exercise capacity (44%) and functional ability (21-35%) were achievable by those patients who 'completed' the supervised RR programme (see Table 3 ). There was however a considerable amount of inter-patient variability which is to be expected with such a heterogeneous participant group. The results from this RR programme are comparable with exercise and functional capacity outcome improvements reported following pulmonary [13] and cardiac [21] rehabilitation programmes which are conducted in a similar way, and are also consistent with a number of studies that evaluated the effect of training programmes in dialysis patients [1, 2, 22] . These programmes showed significant improvements in aerobic capacity ranging from 21% to 43% in dialysis patients (CKD stage 5) lasting from 3 to 6 months. The study by Konstantinidou et al. [22] included a supervised outpatient programme for dialysis patients and demonstrated a 43% improvement in aerobic capacity which is comparable with the findings of this study.
The increased perceived functional ability, as shown by the significant increase in the DASI score of 35% (see Table 3 ), extrapolates to patients being able to complete activities of daily living with greater ease. There were also significant improvements in a range of functional outcome measures (21-35%) at 12 weeks when compared with baseline (see Table 4 ). These results are consistent with previous reports from two combined Bonferroni-adjusted post-hoc contrasts showed that; a Age; the TX group differed from both PD and HD, P < 0.001 for each, with TX having patients of younger age groups. b Height; the TX group differed from PD, being smaller, P = 0.046. c Weight; the PD group differed from both the TX and HD groups, P < 0.001 in each case, with the PD group being heavier. When adjusted the TX group was no longer significantly different from the HD group, P = 0.060. d BMI; the PD group differed from both the TX and HD groups, P < 0.001 in each case, with PD group having larger BMI scores. The TX group was significantly different from the HD group, P = 0.002, having lower BMI scores.
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aerobic and strengthening programmes conducted in HD patients [23, 24] . An adequate level of physical capacity for activities of daily living is likely to improve independence, and possibly employment potential, of patients with CKD (a recent survey shows that <10% of the local HD population are currently in full or part time paid employment). It may also improve the functional status of those patients who would like to be considered for future renal transplantation. Indeed, comprehensive cardiac rehabilitation has been shown to aid psychological function, social recovery, return to work and biological risk factors for cardiovascular disease [21] . Psychological distress appears to be a fairly common disorder in patients with CKD and may be a result of the increased morbidity and mortality associated with this progressive disease. Participants who completed the RR programme demonstrated improvements in the mean level of anxiety (16%) and depression (28%), as measured with the HAD score (see Table 3 ). This finding is consistent with two previous studies of HD patients [25, 26] that demonstrated improvements in anxiety and mental health scores using the SF-36 Quality of Life Scale, and supports the observations of Kouidi et al. [27] who reported a significant improvement in the HAD score of 23% in patients who completed their 1-year HD exercise programme. RR incorporating a substantial exercise programme component may therefore be utilized, not only for improvements in physical function, but also to aid psychological recovery.
To better contextualize our observations regarding the potential effectiveness of this type of RR programme we also attempted to characterize some of the factors which may affect patient compliance. To do this we subdivided our sample into groups of completers (those attending and successfully completing at least 12 of 24 supervised exercise sessions) and non-completers (those failing to attend at least 12 supervised exercise sessions) and compared these groups with their baseline characteristics (see Table 4 ). Out of all the exercise capacity and functional measures, only a higher self-reported level of fitness, as evaluated by the DASI, was shown to be significantly different between these groups in their compliance with the study programme (P = 0.013). The DASI outcome measure may therefore have potential as a means of screening and identifying patients who might have difficulty in adhering to a programme of RR. In particular, this may highlight those low-functioning patients who will require an extensively supported exercise prescription ( possibly including pre-rehabilitation interventions simply to develop exercise self-confidence) with carefully tailored applied motivational support strategies. The mean age difference between both the groups, although not significant, exhibited a trend (P = 0.07) in favour of the completer group having older patients (mean 59 years), compared with the non-completer group (mean 55 years) (see Table 4 ). The older patients who attend this type of week day classes are less likely to be involved in workrelated activities. This may have a positive effect on attendance rates. This challenges the research on cardiac rehabilitation which suggests that younger age is a predictor of adherence [21] , but that may be a reflection of the age of the patients participating in cardiac rehabilitation and the time of day that classes are offered.
The high number of dropouts/non-completers in this study (54 of the 131 patients who commenced the programme), prompted additional analyses of the characteristics of the whole group according to treatment modality (PD, HD and TX). A between-group comparison (see Table 4 ) established that within the PD and TX treatment sub-groups, there were no differences between the completers and non-completers across the outcomes. Within the HD group, there was a significant difference between the completers and non-completers on the ISWT, with the noncompleters having lower/poorer scores. The HD group was also found to constitute the largest proportion (49%) of the non-completer group. Patients receiving HD already require thrice-weekly hospital appointments, and often suffer from muscle weakness and fatigue [28] . They are therefore less likely to complete a 12-week RR programme on non-dialysis days. Konstantinidou et al. [22] reported a larger improvement in peak oxygen consumption for patients randomized to their supervised outpatient programme (43%), compared with home-based exercise (37%) and exercise-on-dialysis (33%), but also reported a larger dropout rate (24% versus 17% versus 17%) in this group. Similarly, Kouidi et al. [29] compared a supervised training programme for HD patients on non-dialysis days with exercise during dialysis, and demonstrated better improvements in peak oxygen consumption (47% versus 31%) in the supervised programme, but also a higher drop out rate (33% versus 21%). It must be acknowledged that although this reported RR programme is a commendable use of finite resources, there is a possible tension with exercising HD patients on non-dialysis days. It is perhaps slightly unrealistic to expect patients receiving hospital-delivered HD therapy to attend additional hospital-based exercise classes on non-dialysis days. The ISWT scores were also significantly lower for the non-completers in the HD group. The optimal delivery of physical activity for HD patients, if resources allow, may be exercise during dialysis sessions, while an outpatient RR programme may be more appropriate for PD and kidney transplant patients.
This study sought to examine whether a pragmatic outpatient RR programme combining exercise, education and self-management advice could impact on exercise capacity and functional ability in patients with CKD. To our knowledge, no studies have evaluated these exercise and functional ability parameters as part of an outpatient physiotherapy-led programme in patients at various stages of the CKD trajectory. Although it is recognized that the heterogeneity and varying characteristics of the group may have influenced results, it is important in the current financial climate to be able to offer a generic exercise programme to which health professionals can refer all patients with CKD.
Limitations
There are a number of limitations in this study. It is an uncontrolled study design, and is reflective of only one RR programme. The lack of a controlled design inherently prevents the comparison of changes in exercise capacity, functional ability and BMI in those patients that chose to participate in the RR programme with those who do not enrol in this type of programme, and therefore there is a selection bias in favour of those patients who are motivated enough already to enrol in a 12-week programme. The results from the RR programme do however suggest that this multi-disciplinary programme can achieve improvements in exercise capacity and functional ability in CKD patients, potentially giving them the opportunity of returning to work and increased physical functioning, with the associated benefits of this. The self-reported level of fitness and patient age may predict who is most likely to complete this type of programme.
Conclusion
In conclusion, we believe that this is the first report that highlights changes in exercise tolerance and functional ability in CKD patients using a physiotherapy-led, 12-week, RR programme. It demonstrates an exercise model that is both practicable and relatively easily implemented for patients with CKD in a NHS trust.
It also demonstrates that such an approach can be effective for those patients who regularly participate. In this regard, consideration must be given to the delivery of exercise-on-dialysis programmes to better enhance the participation and thus potential benefits to patients undergoing maintenance HD therapy. Further evaluation trials are recommended to determine whether the beneficial effects demonstrated in this RR programme can also impact on the high cardiovascular risk inherent in this patient population.
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